This study reveals that cultivation of preantral and early antral (< 500 µm) follicles in culture medium containing FCS results in an expression of cytochrome P450 arom. (aromatase). The enzymatic activity of aromatase, measured in terms of the estradiol synthesis, was proved to be present in follicles greater than 100 µm, could further be stimulated by FSH in follicles greater than 300 µm diameter. The enzyme protein and the gene expression were studied by means of western blot and immunohistochemistry as well as by means of realtime PCR. Neither the protein nor the corresponding mRNA could be found in uncultivated follicles and in FCS-free cultivated follicles. Estradiol synthesis could not be determined under FCS-free conditions. The expression of the FCS effect was dependent on the follicle size. 
Introduction
The ovarian follicle is the structural and functional unit of the mammalian ovary. It consists of an oocyte, surrounding granulosa cells, a basement membrane and the associated thecal cells (KANITZ, 2003; HARRISON and WEIER, 1977) . Follicular and oocyte development in situ rendering fertilization capability, depends upon complex regulatory interactions between the different cell types in the follicle (MIHM, 2001) . These interactions create a unique and progressively shifting environment during the development of the follicle and the oocyte. At any stage a normal follicle may develop or proceed towards atresia. There exists a high possibility of atresia for most follicles. Most oocytes of the mammalian ovary are within the preantral follicles. An effective possibility of these oocytes maturing up to the fertilization capability would develop a great potential for many bio-technical methods. For small mammals (mice), methods have been described where live offsprings have been produced (EPPIG and SCHROEDER, 1989; SPEARS et al., 1994) using oocytes from preantral follicles. For large mammals, such as cattle, these methods cannot be easily adopted (WU et al., 2001) . Reasons for this can be found in the considerably longer developmental time of the follicles and more complex regulatory events. Approximately 80-100 days are necessary for the growth of an activated primordial follicle up to the preovulatory follicle stage (LUSSIER et al., 1987; KANITZ et al., 2001) . FSH and LH play a central role in the ovarian follicle development, especially in activation, growth, atresia and ovulation. Different intra-gonadal factors like IGF-I, EGF, TGF, Interleukin, Inhibin and Aktivin modulate the effect of gonadotrophins or influence the cell functions independently (ADASHI, 1993; FINDLAY, 1993; GREENWALD and ROY, 1994; ROY and GREENWALD, 1996; . Only a few partly contradictory information about the role of the steroids and particularly the estradiol is available at present. Some authors reconcile in their opinion that there is only a subordinate effect of steroids on the follicle development. There are some other works that describe a paracrine influence on follicles after the time of activation [mouse: (FEHRENBACH et al., 1998; SPEARS et al., 1998) primates: (KOERING et al., 1994) ]. The detection of steroid receptors, however, for instance [humans: (REVELLI et al., 1996) ; Sheep: (TOMANEK et al., 1997) ] and the detection of steroidal enzymes [rat: (GELETY and MAGOFFIN, 1997) ] or the steroid synthesis [cattle: (PÖHLAND et al., 1998) ] in preantral follicles furnishes the hypothesis, that steroids are of importance in the process of follicular development. The enzyme aromatase cytochrome P450, as a product of the Cyp 19 gene, is responsible for a key event (SIMPSON et al., 1994) of "aromatization" in the process of estradiol synthesis. Its expression, therefore, is directly proportional to the ability of the follicle for estradiol synthesis. The measurement of aromatase activity in individual follicles is possible by means of a modified estradiol production assay (FEHRENBACH et al., 1998; PÖHLAND et al., 1998; YUAN and GIUDICE, 1999; SMITZ et al., 1998) . It is possible to carry out quantitative examinations with this assay, but the exact site of synthesis cannot be pinpointed in the follicle (oocyte, different somatic cell layers). Since a histochemical detection of the produced estradiol wouldn't provide any information about the site of synthesis due to the strong dislocation of the steroid, the same can be carried out by a detection of the key enzyme. In principle this is possible by an immunohistochemical way or by means of detection of gene expression. By the successful isolation of the bovine Cyp 19 gene (VANSELOW and FÜRBAß, 1995; FÜRBAß et al., 1997 ) the prerequisites for mRNA detection can be laid out. The composition of the culture media is decisive for the developmental capability of follicles in the in vitro culture. Particularly fetal calf serum (FCS) represents a very complex mixture of different biologically active substances in contrast to a serum substitute like insulin-transferin-sodiumselenit (ITS). More precise knowledge about the effectiveness of media supplements is required for an optimization of the in vitro gametogenesis. The objective of the study was to determine the prerequisites for the occurrence of the aromatase activity in vitro and to study the influence of FSH, if any, on the same. Methods Animals Dairy heifers from a commercial slaughter house were used. The ovaries were removed immediately after slaughter and transported on ice to the laboratory.
Follicle preparation and culture Bovine ovaries, stored in PBS until processing, were dissected in small pieces and transferred to dishes with PBS on ice. The preantral and early antral follicles were mechanically isolated from tissue pieces using fine sharp needles and a binocular microscope. The follicles were recovered from the medium (PBS) by pipette and transferred to culture vessels. The follicles were cultivated individually (5 % CO 2 , 37 °C, 72 h) in 24-well microwell culture dishes (NUNC). Three types of medium were used: group FCS: 400 µl RPMI without phenol red, with 10% FCS (v/v), 10 -7 M androstenedione, 1 µg/ml insulin, 100 IU/ml penicillin and 0.1mg/ml streptomycin; group ITS: 400 µl RPMI without phenol red, with 10 -7 M androstenedione, 1µg/ml insulin, 2.5 µg/ml transferrin, 4 ng/ml Na-selenit, 100 IU/ml penicillin and 0.1mg/ml streptomycin; and group McCoy (GUTIERREZ et al., 2000) : 400 µl McCoy's 5a with bicarbonate, 20 mM Hepes, 3mM L-glutamine, 0.1% BSA (w/v), 10 -7 M androstenedione, 1 µg/ml insulin, 2.5 µg/ml transferrin, 4 ng/ml Naselenit, 100 IU/ml penicillin and 0.1mg/ml streptomycin. FSH was added to the culture medium in concentration of 0, 0.125, 0.25, 0.5 and 1 IU/ml respectively. Measurement of follicle diameter, growth and viability The diameter, growth and viability of follicles (n=24 per medium, FSH concentration and follicular size (<100µm, 100-200µm, 200-300µm, 300-400µm, >400µm)) were measured using an image analysing system based on an inverted microscope (Diaphot 200, Nikon), video camera (C5310, Hamamatsu), frame grabber (Grabbit PCI, SIS, Muenster), and an PC based image analysing software (AnalySIS 3.2, SIS, Muenster). Pictures (1024 x 1024 ppi, 24 bit colour) of all follicles at the beginning of the in vitro culture and after 72 h of cultivation were captured and stored in an image database. The diameter in the horizontal and in the vertical direction was interactively measured by AnalySIS. Using this data, the mean diameter and the follicular volume was calculated. The growth (volume) of follicles in in vitro culture was expressed as a percentage of that found at the beginning of the culture. Morphologically intact follicles with positive growth were classified as viable. The antrum formation and the structure of follicular growth in culture were examined using a stereo-microscope. Pictures were captured as described above.
Steroid measurement Estradiol 17β (E 2 ) and progesterone (P) were measured in the supernatants by RIA (n=8 per medium, FSH concentration and follicular size (<100µm, 100-200µm, 200-300µm, 300-400µm, >400µm) ). The estimation of E 2 was performed by a 3 H -RIA after extraction by diethylether. The main components of RIA were 2,4,6,7-3 H -estradiol (Amersham) as tracer, pure E 2 (Jena-Pharm) as standard hormone and an antibody against an estradiol-6-CMO-BSA conjugate raised in rabbits. This conjugate was further purified by HPLC and used at a titre of 1:55.000. After two incubation steps (30 min 37 °C and 120 min 4 ) the B/F separation was performed by the dextran-charcoal method. Counting of radioactivity was made by a LSC with integrated RIA program (Rackbeta 1219, Wallac, Finland). The analysis of P (n=8 per medium, FSH concentration and follicular size (<100µm, 100-200µm, 200-300µm, 300-400µm, >400µm) ) was performed by a direct 3 H -RIA with 1,2,6,7-3 H -progesterone (Amersham) as tracer, pure P as standard and a rabbit antibody against progesterone-11-hemisuccinate-BSA purified by HPLC (titre 1:200.000). Incubations, B/F separation and counting were accomplished as described for estradiol.
SDS-PAGE and Western Blotting
To analyse follicles for their expression of aromatase, a pool of five follicles each, depending on follicle size (<100µm, 100-200µm, 200-300µm, 300-400µm, >400µm) and culture medium, after 72h of culture were analysed by Western Blotting (3 repetitions). Therefore the follicles were collected by centrifugation (5000g, 10 min), lysed in10 µl of SDS-sample buffer and denaturated by boiling for two minutes. Then SDS-PAGE was performed according to Laemmi on 12,5% gels, where the acrylamid/bisacrylamide ratio was 30:0.8. After the electrophoresis, proteins were transferred to PVDF membranes (Millipore) using the method of Towbin with a semi-dry blotting apparatus (1 mA/cm 2 , 1 hour). Thereafter, the membranes were saturated with 5% fat-free dry milk in TTBS overnight at 4°C under permanent agitation. After repeated washing with TTBS, the blots were incubated with a polyclonal antibody to aromatase (DPC, Biermann) for three hours at room temperature in TTBS containing 5% BSA. The dilution of the antibody was 1:3000. The blots were then washed three times with TTBS and incubated with a HRP conjugated secondary antibody (anti rabbit, Santa Cruz). This antibody was diluted 1:5000 in TTBS. After a final washing in TTBS, the bands were visualized on X-ray films (Kodak), using a chemiluminescent kit (Amersham) according to the manufacturer´s instruction.
Immunohistochemistry
An immunoperoxydase technique using a polyclonal antiboby to aromatase (DPC, Biermann) was executed. Briefly, follicles, fresh isolated or after culture (n=4 per medium and follicular size (<100µm, 100-200µm, 200-300µm, 300-400µm, >400µm)), were fixed individually in Bouins mixture for 2 hrs. After dehydration in increasing ethyl-alcohol concentrations the follicles were embedded in paraffin and sliced with 5µm thickness. After de-paraffination, the endogenous peroxydase activity was blocked by H 2 O 2 (1%, 30 min). The cell membranes were permeabilized by Trypsin and the unspecific binding was blocked by 20% horse serum. The polyclonal antibody was incubated (1:1000) overnight at 4°C. After washing, the second antibody (anti rabbit Biotin, 1:1000) was incubated for 1h at 37°C. Streptavidin-POD was added for 40 min at room temperature and after washing, the DAB-staining was carried out for 10 min under visible control. The slides were washed and covered and the examination was performed using a microscope and image analysing system as described above.
Realtime PCR Total RNA (100 pooled follicles per medium and follicular size (<100µm, 100-200µm, 200-300µm, 300-400µm, >400µm), 2 repetitions) was prepared with the RNeasy mini kit (Qiagen, Hilden, Germany). Briefly, cultured or freshly isolated follicles were lysed in 10 to 20 µl of a guanidine iso-thiocyanate containing buffer and subjected to an additional homogenisation step using QIAshredder™ Homogenisers (Qiagen). Subsequently, one volume of 70 % ethanol was added to the homogenized lysates and the RNA was extracted from the samples by adsorption to silica-gel spin columns. After three washing steps and elution in 15 to 30 µl deionised, RNAse free water (washing buffers and water provided with the kit) RNA was quantified in a GeneQuant II instrument (Pharmacia, Freiburg, Germany). For cDNA synthesis 1 µg total RNA was reversely transcribed in 25µl reaction volume using M-MLV Reverse Transcriptase, RNase H Minus, Point Mutant (Promega, Mannheim, Germany) with two different reverse primers binding to transcripts of Cyp19 and of the Glyceraldhyde 3-Phosphate Dehydrogenase gene (GAPDH) respectively. All primers used for reverse transcription (RT) and real-time PCR (Tab. 1) were derived from published sequences of both genes (BTAROCG, EMBL/GenBank accession number Z32741 and BTGAPDH, EMBL/GenBank accession number AJ000039). The freshly synthesized cDNA samples were cleaned using the High Pure PCR Product Purification Kit (Roche, Mannheim, Germany) and eluted in 100 µl elution buffer. For real-time PCR, 2 and 4 µl of the purified cDNA were amplified with the LightCycler-FastStart DNA Master SYBR Green I Kit (Roche) in 10µl total reaction volume. Amplification and quantification of generated products were performed in a LightCycler instrument (Roche) under the following cycling conditions: Preincubation at 95°C for 10´, followed by 40 cycles denaturation at 95°C for 15´´, annealing at 60°C for 10´´, extension at 72°C for 10´´ and single point fluorescence acquisition at 83°C for 6´´. The melting peaks (mp) of all samples were routinely determined by melting curve analysis in order to ascertain that only the expected products had been generated. Additionally, molecular sizes of PCR products from randomly selected samples were monitored by agarose gel electrophoresis analysis (3% agarose, ethidium bromide stained). Melting peaks and sizes of PCR products derived from Cyp19 and GAPDH are shown in the Table. To generate external standard curves for each run, different concentrations (2 x 10-17 to 2 x 10-13 µg DNA/µl) of PCR products of both genes, cloned into GEM-T plasmid vector, were co-amplified with the same primer pairs. Fluorescence signals, which were recorded on-line during amplification, were subsequently analysed using the "Second Derivative Maximum" method of the LightCycler Data Analysis software. Copy numbers were calculated relative to the amount of total RNA.
Statistical analysis
The data obtained from individual follicles were classified according to follicular diameter. Four classes were formed: Group1: <40 µm, group2: 40-100 µm, group3: 100-200 µm and group4: 200-300 µm. Data were expressed as mean ± S.D. Pairwise comparisons between treated follicles and the corresponding controls without additives were performed, using one-factor analysis of variance (ANOVA) and with Student Newman-Keuls-test (SAS) to determine significant differences (p<0.05).
Results The number of recovered follicles was approximately 37 ± 21 per ovary depending on the quality of the ovary. The viability of follicles was tested by measuring the relative growth after 72 h of incubation and by morphological estimation. Approximately 63 ± 24 % of all follicles were growing. The morphological inspection provided evidence of the beginning of antrum formation in follicles larger than 300 µm diameter (data not shown). The influence of culture medium, FSH and follicular diameter on the growth of follicles is shown in Figure 1 . A total number of 1243 follicles was tested, 10-15 per follicle group, for different medium and hormone concentrations. The growth was expressed as a percentage in relation to the diameter at the beginning of culture. All tested follicles were evaluated. There was no effect of FSH on follicles smaller than 200 µm. The growth of follicles cultured in ITS medium was significantly lower. In contrast, the growth in McCoy's medium tended to be greater but not significantly higher in relation to the FCS medium. The effective dose of FSH was approximately 0.5-1 IU/ml for follicles with 200-300 µm diameter and 0.25-0.05 IU/ml for follicles >300 µm diameter. The relative growth was the highest in follicles between 200 and 400 µm diameter. The steroid synthesis was measured separately for each viable follicle tested for growth (see above). The results are shown in Figure 2 . Only follicles cultured in FCS medium produced significant amounts of estradiol. No estradiol synthesis was measurable for follicles cultured in ITS or McCoy's medium. Under FCS conditions, follicles >100 µm diameter showed a basal estradiol production. For follicles between 200 and 300 µm diameter 1IU/ml FSH stimulated the estradiol production significantly. Larger follicles (300-400 µm diameter) reacted to 0.5 IU/ml and 0.25IU/ml (>400 µm diameter) with significant increase in estradiol synthesis. The western blot (Figure 3 ) demonstrates significant bands in the 56 kDa area only for follicles cultured in FCS medium (lane E-H). For follicles cultured in ITS or McCoy's medium or for uncultivated follicles measured directly after preparation no aromatase correlated bands were visible. It is obvious from figure 4 that the even distribution of aromatase in the follicle can be proved by immunohistochemistry. The illustration shows an example of a follicle after culture in FCS medium to a size of 300-400 µm diameter. The results of realtime PCR correspond to the findings of western blotting. Significant amounts of mRNA were measured only in follicles larger than 200 µm diameter after cultivation in FCS medium ( Figure 5 ). 
Discussion
The comparison of different media showed that the growth of the follicles is not affected if McCoy's medium is used instead of FCS medium. This result is in agreement with statements of the group of Guttierez (GUTTIEREZ et al., 2000) . Unlike this the growth tended to decrease when the FCS in the FCS medium was substituted only by ITS. It seems that this modified McCoy's medium (GUTTIEREZ et al., 2000) is more suitable for a follicle culture. There was no significant effect of FSH on growth of follicles smaller than 200 µm in diameter. These results correspond to the hypothesis that the first stages of follicular development are gonadotropin-independent (IRELAND, 1987) . TISDALL et al. (1995) found that the FSH receptor gene is not expressed during the earliest stages of follicle growth (sheep). In contrast some authors [e.g. (WRIGHT et al., 1999) ] described that small follicles (human) are responsive to FSH. It may be possible that intraovarian growth factors play an important role during this phase (NAYUDU and OSBORNE, 1992; HULSHOF, 1994) . Obviously, more research is required to define the role of FSH on early stages of folliculogenesis (GREENWALD and ROY, 1994) . The follicular growth was stimulated by FSH in a dose dependent manner in larger follicles. Since the influence of FSH on proliferation of granulosa cells is a receptor mediated process activating the cAMP cascade (YONG et al., 1992) , the results may hint towards the functionally expressed FSH receptors and the corresponding signal transduction system at this follicular stage. These findings are in accordance to observations of WANDJI et al. (1996) . In their experiments, the addition of 50 ng/ml FSH stimulated the growth of follicles between 60-180 µm. In contrast, WANG and GREENWALD (1993) found a stimulatory effect of FSH only on the growth of antral follicles in mice. The conjecture of species-specific differences is supported by the detection of mRNA for FSH receptors in ovine preantral follicles with two and more layers of granulosa cells by in situ hybridisation (TISDALL et al., 1995) . FSH receptors were detected in early stages of hamster follicles by autoradiography (ROY et al., 1987 ). An FSH receptor expression in bovine follicles is also possible in early stages of development, but physiological effects of growth stimulation require a maturation of specific transduction system and enzyme cascades additionally. The results of the estradiol synthesis measurement show that amongst all the tested follicle size classes, estradiol synthesis took place only by using medium containing FCS. It cannot be blamed on bad culture conditions since survival and growth of the follicles occurred in all media. As described above, the growth rates were highest in the McCoy's medium. The results of western blotting as well as the realtime PCR show that aromatase is expressed only after cultivation in the FCS medium and is available as an enzyme. No aromatase or mRNA was detectable after culture in other media. Since no aromatase or mRNA was detectable in freshly isolated follicles without cultivation, it must be assumed that there are biological active compounds in the FCS which lead to an induction of aromatase expression in vitro. Which component of the FCS causes this effect is not clear. Steroids are probably not the cause because the FCS was adsorbed to charcoal. No more steroids (estradiol 17β , progesterone) could be measured in the FCS medium either. Androstenedione was available in all media as additive. It remains unclear whether induced aromatase expression has positive impact on the follicular development in vitro. Recent examinations of follicles of the pig (WU et al., 2001) show that a certain concentration of a homologous serum is necessary for the development of the follicles in the culture medium. Presumably, it may lead to further changes in the expression pattern of the follicle cells. A recording of these changes will surely be very meaningful and should be carried out in future. Attempts must be made to determine the components of the FCS which cause these changes in the expression pattern. The use of potential candidates in serum free media may bring us closer to the solution.
